Neurological Disorders of Ocular Movement
By C. S. HALLPIKE, F.R.C.P., F.R.S., J. D. HOOD, D.Sc., and E. TRINDER1 THE use of the corneo-retinal potentials for the recording of nystagmic eye movements is well established, and presents no great technical difficulties. Thus, the amplification used may be of the A.C. or resistance-capacity coupled type, which is easy to design and operate.
When, however, we come to the nystagmographic analysis of certain derangements of nystagmus and other ocular movements which are present in many of the organic affections of the VIII nerve system which we encounter in the course of our otoneurological work at Queen Square, certain new and difficult problems arise. In particular, we have to face the need for accurate recordings, not only of nystagmic and other transient eye movements but also of sustained deviations of gaze. For this the use of direct coupled amplification has been widely considered and attempted. But the technical difficulties, arising in particular from voltage fluctuations within the amplifier and at the electrodes themselves, have proved insuperable and, so far as we know, no amplification system of this kind has yet been found of practical value for electro-nystagmography. The use of what is known as the "chopper" system of direct current amplification, combined with improvements in electrode design, now makes it possible to overcome these difficulties and to construct an electronystagmographic system of very high gain, combined with remarkable stability and freedom from distortion. For full technical details of the design, construction and performance of this equipment, reference should be made to another publication (Hallpike, Hood and Trinder, 1960, Confin. neurol., Basel, 20, 232 Proceedings of the Royal Society of Medicine left and it will be seen that it is present only with the gaze directed to the left or straight ahead. It is, in fact, 2nd degree vestibular nystagmus to the left. Now, in the case of the A.C. recordings, the gaze deviations to the right and left are denoted by no more than transient shifts of the base line. With the chopper recordings, however, it will be seen that as the gaze direction is altered and maintained, there occurs an easily read and maintained deviation of the tracing from the base line. The point conveyed by these records has considerable practical significancenamely, that with this variety of amplification, in addition to the recording of nystagmus, we can achieve something impossible with A.C. amplificationrelate the nystagmus to sustained deviations of gaze. This is important.
As we know, nystagmus resulting from peripheral vestibular disturbances is strikingly affected by the direction of gaze. It is exaggerated, as can be seen in * the lower tracings of each group of records shown in Fig. 1 , by gaze in the direction of the rapid component of the nystagmus, and inhibited by gaze in the opposite direction. It is indeed upon FIG 2. these factors that we base our convengrapt tional gradation of the magnitude of vestibular nystagmus, 1st degree, 2nd degree and 3rd degree.
One of the vital steps of a clinical otoneurological examination is the examination of the eyes for spontaneous nystagmus and, if this is found to be present, the assessment of its quality and magnitude. This is usually carried out by direct scrutiny of the subject's eyes in the upright position of the head. With our chopper system of amplification, however, it is possible to carry out the whole examination nystagmographically, and we have accordingly developed our test procedure upon these lines.
This has one obvious and immediate advantage, namely the provision of accurate and permanent records of spontaneous nystagmus. But for their detailed analysis it is clear that electronystagmography is indispensable. Now, whether our examination of spontaneous nystagmus is carried out with the eyes open, closed, or in darkness, the influence upon nystagmus of gaze deviation remains a point of great importance, and in this respect the special characteristics of our present recording system have proved of vital importance.
Figs. 2 and 3 illustrate our technique for the electro-nystagmographic investigation of spontaneous nystagmus.
In Fig. 2 the patient, wearing the electrode assembly on a light plastic spectacle frame, is shown seated in a chair, the seat of which can be raised or lowered by means of a hydraulic jack. In this way the chin level is adjusted to a fixed and rigidly mounted chin rest.
With the chin in position, a hinged support is brought forward on to the occiput, and the head is thus comfortably and effectively immobilized. The vertical bar, shown to the front of the patient, carries a mark upon which he fixes his gaze. The bar with the fixation mark can be deviated to the patient's left or right by means of a handle which is controlled by the examiner, seated behind the 1060 20 Fig. 2 . patient, where he is able at the same time to observe the nystagmograph pens and operate the nystagmograph controls. In Fig. 3 is shown another view of the equipment. For convenience, the deviations of the fixation mark are arranged in fixed steps of 10 degrees-10, 20 and 30 degrees-to the patient's left and right, and by means of his touch sense alone the examiner is enabled to set the deviation of the fixation mark, and accordingly of the eyes, to any of the points within this range. This is effected by means of a spring-loaded ball which is carried upon the handle and engages a series of recesses suitably spaced along the circumference of a steel half-circle.
This provision is, of course, essential when the need arises for the patient to deviate his gaze in darkness. The procedure then is as follows: The patient rests his hand upon a support carried on the bar below the fixation mark with his thumb tip extended to cover the mark, as shown in Fig. 3 . So arranged, the patient is then required to fix his gaze, in total darkness or with eyes closed, upon his thumb tip, which can then be deviated by the examiner to the various set points to left or right. During this examination local lighting, carefully screened, is provided for the recording pens which can thus be kept under observation by the examiner.
Under these conditions, it is found that a normal subject, using his joint-muscle sense, can follow the fixation mark with his eyes with very considerable accuracy. In Fig. 4 is shown a schematic diagram of the recording pens, with their axes coincident and their writing points practically so. The outer pen records the angular deviation of the fixation mark from its straight ahead position. Upward and downward movements of the pen from the central base line correspond respectively to deviations of the fixation mark to the right and left. l; -
The inner or eye pen, records the conjugate eye movements in the horizontal plane. The sensitivity of the amplification is adjusted to correspond with that of the other, or fixation mark pen. Both pens work to the same central base line.
It will be seen that as the fixation mark pen deviates from right to left, the eye pen follows it closely. The recording being made is from a subject with 3rd degree vestibular nystagmus to the left. Thus, with fixation on the mark at 20 degrees to the right, the eye pen shows slight nystagmus,which is much increased when the eyes follow the deviation mark to 20 degrees left.
This arrangement of the pens has two advantages. Firstly, each pen is able to operate across the full width of the paper which can be correspondingly narrow. Secondly, the coincidence of the pens makes it easy to observe at any point on the record, the accuracy with which the eyes are maintaining their prescribed deviation.
The results obtained with this equipment are illustrated by the records shown in Figs. 5-7. Three subjects were used. The first (Fig. 5 ) was normal. The second (Fig. 6 ) exhibited spontaneous nystagmus following unilateral labyrinth destruction for MWniere's disease. In the third (Fig. 7) spontaneous nystagmus was also present, resulting from a tumour of the right cerebellopontine angle, with early involvement of the vestibular elements within the brain-stem.
In the top record of Fig. 5 the subject, with his eyes open, first fixes his gaze upon his thumb in the straight ahead position. When the thumb is deviated 20 degrees to the right it will be seen that his eyes follow it accurately. Between the points, "eyes closed" and "eyes open", the subject's eyes are closed and it will be seen that, apart from a few small irregularities, the gaze deviation is accurately maintained. The lower record shows the same sequence with one difference, visual fixation being eliminated, not by closure of the eyes, but by darkness. It will be seen that under these conditions, too, the gaze deviation is accurately maintained.
In Fig. 6 are shown the results of a nystagmographic study of the spontaneous nystagmus resulting from unilateral labyrinth destruction for Meniere's disease.
In the top record (centre) the eyes are open in the light with the gaze straight ahead. Slight spontaneous nystagmus to the right is just discernible upon the base line. This is more marked with the gaze to the right and absent with gaze to the left. In conventional terminology there is 2nd degree nystagmus to the right. It will be noted how steadily the gaze follows the fixation mark throughout.
In the middle and bottom sets of records the effects upon the spontaneous nystagmus of the elimination of visual fixation can be studied. This is achieved either by darkness or by eye closure; under both conditions the deviation of the eyes is controlled by fixation upon the thumb tip. The middle set of records will first be considered. Darkness was used for the elimination of visual fixation. The middle tracing starts with the gaze straight ahead. At the "lights out" point, indicated by the arrow, there is a slow drift to the left, i.e. in the direction of the slow component of the spontaneous nystagmus. The nystagmus is markedly facilitated.
The same drift to the left, with facilitation of spontaneous nystagmus in darkness, is exhibited in the top tracing which starts with the eyes deviated 20 degrees to the right.
In both tracings, too, these effects are abolished by the restoration of visual fixation.
The bottom tracing starts with the eyes deviated to the left; in darkness, slight additional deviation occurs with definite nystagmus to the right. In other words, 3rd degree nystagmus to the right is present in darkness.
In the bottom set of records, eye closure was used for the elimination of visual fixation, and the results, as will be seen, are not quite the same. The middle tracing starts with gaze straight ahead, the top tracing with the gaze deviated Section of Otology with Section of Laryngology 20 degrees to the right. Both of these tracings certainly show some increase of nystagmus with the eyes closed. The nystagmus seen, however, is far less regular in character than that observed in darkness. The bottom tracing begins with the gaze deviated 10 degrees to the left, and it will be seen that when the eyes are closed they take up a position of extreme deviation to the left without nystagmus.
The conclusion to be drawn from these records is that in spontaneous nystagmus of this kind due to a labyrinthine lesion, the elimination of visual fixation by darkness certainly facilitates the spontaneous nystagmus, a point already emphasized by Aschan and others. In addition, there occurs a marked deviation of the eyes in the direction of the slow component of the nystagmus.
If, however, we use eye closure instead of darkness to eliminate visual fixation, the results are not quite the same. Though the cause of this difference is not at present clear, the fact that it exists would certainly seem to be a matter of some practical importance, and emphasizes the need in studies of this kind for exercising discrimination in the choice of eye closure or darkness for the elimination of visual fixation.
In Fig. 7 are shown the results of a similar nystagmographic study of the spontaneous nystagmus in a subject with a right acoustic neuroma with early involvement of the vestibular elements within the brain-stem. In the straight ahead position of gaze, slight spontaneous nystagmus is present to the left.
With visual fixation, the gaze is now deviated to the left, and the nystagmus increases in amplitude and frequency. With deviation to the right, there is a well-marked nystagmus to the right. There is, in fact, 2nd degree nystagmus to the left and 1st degree to the right, a familiar finding with an acoustic neuroma at this stage of its development.
In the middle and lower sets of records the effects of eliminating visual fixation have again been studied. For the middle set of records darkness has been used.
The middle tracing starts with the gaze straight ahead. At the "lights out" point the eyes drift slowly to the right in the direction of the slow component of the 2nd degree nystagmus. By contrast with the last case, however, there is no facilitation of spontaneous nystagmus, and in fact the nystagmus disappears.
Fixing on the thumb tip, the gaze is now deviated to the right and left. This deviation in darkness is, as will be seen, very well maintained. Both with deviation to the right and to the left, however, there is no facilitation of the nystagmus which, instead, becomes rather irregular.
In the bottom set of records are shown the results of eliminating fixation by means of eye closure. First of all, with the gaze straight ahead: As the eyes are closed, the gaze deviates slowly in the direction of the slow component of the nystagmus which is eliminated, promptly reappearing at the "eyes open" point with restoration of the straight ahead direction of gaze, when visual fixation is restored. With the gaze deviated 30 degrees to the right and left the effects of eye closure are as shown. In both cases the spontaneous nystagmus to the right and to the left is seen again at the right of the record, when visual fixation is restored.
Discussion
The nystagmographic features of the spontaneous nystagmus revealed in the last two of our three subjects, arising in one case from a peripheral and in the other from a central vestibular disorder, are clearly both complex and obscure. Nevertheless, as the records show, certain points of difference are evident, and would appear to be of considerable neurological interest.
Thus, as we know, spontaneous vestibular nystagmus, as seen on direct inspection of a subject's eyes, may be caused by organic lesions at a variety of points within the vestibular system, including the labyrinths, the vestibular nuclei, the cerebellum, and even the cerebrum, as in certain cases following hemispherectomy.
The possibility of effecting a differentiation of these lesions upon the basis of differences in the characteristics of the nystagmus itself is clearly a matter of considerable practical importance. Suggestions that such differences exist have long been available. Thus, although the abolition of fixation by means of Frenzel's glasses is known to increase the nystagmus of a peripheral lesion, Holmes (1917, Brain, 40, 461) pointed out that it decreased nystagmus due to a cerebellar lesion.
Here a technical difficulty of some importance arises. Abolition of fixation, whether by means of Frenzel's glasses or otherwise, may be and often is accompanied by changes in the deviation of the eyes, and it may well be to this rather than to the abolition of retinal fixation that the effect upon nystagmus is due. Now, using electro-nystagmography as we have done, we can abolish retinal fixation by means either of eye closure or darkness, and at the same time control and record eye deviations.
In this way, it should be possible to effect a fuller analysis of the effect upon nystagmus of these two variables, and so extend the diagnostic value of electro-nystagmography. 23 1063
